Abstract. We investigated endometrial expression of trophinin mRNA and protein, homophilic cell adhesion molecules, during the estrous cycle of gilts. An immunopositive reaction for trophinin was observed in the luminal and glandular epithelia of the endometrium at all stages of the estrous cycle, but not in endometrial stromal cells or the myometrium. A partial coding sequence of porcine trophinin was similar to sequences in humans and mice, with homologies of 75% and 70%, respectively. As in humans and mice, the trophinin gene is expressed in the endometrium. Trophinin, however, is expressed in the endometrium of the pig throughout the estrous cycle, higher expression levels were observed at some points of the luteal phase, as in humans. These findings suggest that regulation of trophinin gene expression in the pig is different from that in mice, but similar to that in humans. Furthermore, the present results suggest that the pig might be a suitable model for studying the physiological importance of trophinin in early pregnancy in humans. Key words: Trophinin, Semi-quantitative assay, Endometrium, Gilt (J. Reprod. Dev. 49: [127][128][129][130][131][132][133][134] 2003) dhesion molecules have an important role in attachment of the embryo to the maternal u te r in e e pi th el iu m . Am on g th e ad h e si on m o l ec u le s , in t e g r in s ar e p e r ha ps t h e b es t characterized. They are involved in both cell to cell and cell to ECM interactions including attachment of the conceptus to the epithelium [2, 6, 9, 14, 25] . Some integrins are present on the endometrial epithelium of humans [1, 12, 13, 15, 16, 23, 24] , rodents [19] and pigs [3, 4] , and also certain integrins are constitutively expressed at high levels on the uterine luminal epithelium throughout the estrous cycle [3, 4] . Another adhesion molecule whose role is not well understood is trophinin. Trophinin was initially identified as an intrinsic membrane protein that mediated apical cell adhesion between trophoblastic teratocarcinoma HT-H and endometrial adenocarcinoma SNG-M cells [7] .
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In humans, trophinin is not expressed in the endometrium during the proliferation phase, whereas in primates [7, 22] and mice [21] , high levels of trophinin transcripts and proteins are detected in the trophoblasts and the endometrial epithelial cells at the implantation site of the e n d o m e t r i u m d u r i n g e a r l y p r e g n a n c y . Experiments with ovariectomized mice have shown that estrogen, but not progesterone, is required for trophinin expression in the uterus [21] . Implanting blastocysts has no effect on trophinin expression in the endometrial epithelial cells of the mouse, although strong trophinin expression is found in the endometrial epithelial cells at the implantation site [18, 21] . Recently, trophinin expression was detected in the luteal phase endometrium of both normal and infertile women with peak expression in the mid-luteal phase [27] .
Together, these findings indicate that trophinin plays an important role in implantation in the mammalian species so far examined, although different species may have different mechanisms or other factors by which the trophinin gene is regulated. For the study of porcine trophinin, we have initiated experiments to characterize whether or not the porcine trophinin is expressed during the estrous cycle. In the present study, we attempted to sequence the mRNA of porcine trophinin, and to observe the pattern of trophinin distribution in the endometrium throughout the estrous cycle, using an immunohisto chem ical technique. Semiquantitative expression levels of porcine trophinin were also determined using the polymerase chain reaction (PCR) during the estrous cycle.
Materials and Methods

Animals
Sexually mature crossbred (Landrace × white Yorkshire × Deurock) gilts raised at the National Institute of Livestock and Grassland Sciences were used after being checked for two consecutive estrous cycles. The day when the animals exhibited behavioral estrous activity was designated as day 0 of the estrous cycle.
Sample collection
Each group of animals was sacrificed on days 4, 8, 12, 15, 18 and 20 of the cycle and day 15 of pregnancy. The uterus was removed immediately after electric stunning and exsanguination. A part of endometrial tissue from one of the uterine horns was mechanically collected and stored at -80 C until extraction of total RNA. The other uterine horn was cut to a length of 3-5 cm and embedded into O.C.T. compound (SAKURA Finetechnical, Tokyo, Japan) in liquid nitrogen vapor, and stored at -80 C until the immunohistochemical study.
Immunohistochemistry
Cryosections (6-8 µm thickness) were made with a Cryostat (HM 500; Micron Laboratories, Walldorf, G erm any) and mo unted on 3-am inopr opy l triethoxysilane-coated slides (Matsunami, Osaka, Japan). The sections were fixed in acetone at -80 C for 5 min and dried in air. They were rinsed in 0.1 M PBS, and were incubated with 3% H2O2 to quench endogenous peroxidase activity. After soaking in blocking solution (1% BSA in PBS) at room temperature for 30 min, the sections were incubated at 4 C overnight with the primary monoclonal antibody against human trophinin (clone 3-11, mouse IgM; [22] ), kindly provided by Dr. M. N. Fukuda, The Burnham Institute, La Jolla, CA, USA. After washing with 0.1 M PBS, the sections were incubated with biotinylated goat anti-mouse IgM secondary antibody (Anti-IgM Mouse Goat-poly-Biotin; Chemicon, Temecula, CA, USA) at room temperature for 1 h and washed with 0.1 M PBS. Positive reactions were visualized using an ABC-peroxidase-staining kit (Vector Laboratories, Elite, CA, USA) diluted in blocking solution at 37 C for 1 h. After 3 washes with 0.1 M PBS for 5 min each, the sections were incubated with 2% avidin-biotin complex (Vector) at 37 C for 30 min. The sections were then reacted with 0.5% 3, 3'-diaminobenzidine tetrahydrochloride (Sigma Chemical, St Louis, MO, USA) and 0.01% H2O2 to v i s u a l i z e t r o p h i n i n . A l l s e c ti o n s w e r e counterstained with hematoxylin.
RNA extraction and cDNA synthesis
The tissues were mechanically crushed to a fine powder with a mincer (Microtech Nition Co. Ltd., C h i b a , J a p a n ) a n d h o m o g e n i z e d w i t h a homogenizer (Microtech Nition) in ISOGEN (Nippongene Co. Ltd., Tokyo, Japan) to prepare total RNA. One microgram of total RNA was used to generate single strand cDNAs in 15 µl of reaction mixture using a First-strand cDNA Synthesis Kit ( A m e r s h a m P h a r m a c i a B i o t e c h I n c . , Buckinghamshire, UK), and stored at -20 C until RT-PCR.
Identification of partial cDNA of porcine trophinin
We designed two primers, F3 (5'-GCA GTG AAG CCA GCA TTA GC -3') and 889 (5'-CTG GTG CTG GGT CCA TCA CAA AAA C -3'), based on the human sequence [7] (EMBL/GenBank/DDBJ accession number U04811). The cDNA fragments were amplified with these primers using an A d v a n ta g e ® c D N A P C R K i t (C L O N T E C H Laboratories. Inc., Palo Alto, CA, USA). The PCR reaction was carried out using 1 µl of the reverse transcription solution in a total volume of 50 µl. The mixture was heated to 94 C for 2 min and amplified for 35 cycles (94 C for 30 sec; 58 C for 30 sec; 72 C for 90 sec) with a final extension at 72 C for 4 min using a PTC-200 DNA Engine (MJ Research Inc., Waltham, MA, USA). The PCR product was subjected to agarose gel electrophoresis, visualized by ethidium bromide staining, extracted from the gel using a Quantum Prep ® Freeze 'N Squeeze DNA G el Extraction Spin Colum n (Bio-Rad Laboratories, Hercules, CA, USA), subcloned into pGEM ® -T Easy vector (Promega, Madison, WI, USA), and sequenced.
Semi-quantitative porcine trophinin gene expression
Total RNA was extracted from each sample and reverse transcribed as described above. The PCR reaction was carried out using 1 µl each of reverse transcription solution and 20 pmol each of the primers F2 and R2 (Fig. 2a) , newly designed from a partial sequence of porcine trophinin in a total volume of 20 µl. The mixture was heated to 94 C for 2 min and amplified for 32 cycles (94 C for 30 sec; 58 C for 30 sec; 68 C for 60 sec) with a final extension at 68 C for 4 min. For each PCR reaction, the number o f c yc l es u s e d w a s o p t i m i z e d s o t h a t t h e amplification process was carried out within the exponential (linear) range. Porcine β-actin was used as a relative standard for the determination of s em i-q u an t i t a t i v e p or c in e t r op h i n in g en e expression. The PCR reaction for the β-actin was carried out using 1 µl of the reverse transcription solution in a total volume of 20 µl. The mixture was heated to 94 C for 2 min and amplified for 19 cycles (94 C for 30 sec; 62 C for 30 sec; 72 C for 60 sec) with a final extension at 72 C for 4 min. The primers used in the PCR for porcine β-actin were described previously [26] . For each PCR reaction, the number o f c yc l es u s e d w a s o p t i m i z e d s o t h a t t h e amplification process was carried out within the exponential (linear) range.
Aliquots of the PCR reaction products (5 µl) with 1 µ l 6 × l o a d i n g d y e ( P r o m e g a ) w e r e electrophoresed in a 1.5% agarose gel (Nacalai Tesque, Kyoto , Japan) co nt aining ethidium bromide (Nacalai) in a constant 100 V field. The ethidium bromide-stained gels were evaluated with a UV transilluminator, and photographed by Printgraph-CX ® (ATTO Co., Tokyo, Japan). The integrity of the individual bands was analyzed by computerized densitometry using the Lanes and Spot Analyzer ® program (ATTO). The level of porcine trophinin gene expression in each sample was expressed as a percentage of the expression of porcine β-actin.
Statistics
Values obtained from semi-quantitative PCR assays were shown as the mean ± S.E.M. of three animals from each group (except day 15; n=4). One-way analysis of variance was carried out and the significance of difference between means was determined by Duncan's multiple range test [20] .
Results
Localization of trophinin in the uterus during the estrous cycle
An immunopositive reaction was specifically found in the luminal and glandular epithelial cells of the endometrium of the early pregnant pig (Fig.  1a, b) as was found in humans [7] and mice [21] . Therefore, the antibody used in the present study appears to recognize porcine trophinin. An immunopositive reaction for trophinin was found in the luminal and glandular epithelial cells of the endometrium on days 8 (luteal phase) and 20 (follicle phase) of the estrous cycle ( Fig. 1d and e ; Fig. 1f and g ). No positive reaction was found in the endometrial stromal cells (Fig. 1d and f) or the cells of the myometrium (Fig. 1b) . The distribution of positive reactions for trophinin was not different among the sections obtained from other days of the estrous cycle (data not shown).
Partial coding sequence of porcine trophinin mRNA
We generated a PCR product of 819 base pairs from porcine uterine endometrium extracts. The sequence of this product is shown in Fig. 2a and has been submitted to EMBL/GenBank/DDBJ under accession number AB081725. Porcine trophinin has 75.7% homology with human trophinin (EMBL/ GenBank/DDBJ accession number U04811) and 69.8% homology with mouse trophinin (accession number AF241244) (Fig. 2b) . Most of the putative porcine trophinin polypeptide consists of tandem decapeptide repeats that start with phenylalanine (Fig. 2c) .
Semi-quantitative porcine trophinin gene expression during estrous cycle
P o r c i n e t r o p h i n i n g e n e w a s e x p r e s s e d throughout the estrous cycle, although the level of i ts exp re ssi on ap pear ed to fl uc tu ate. T he expression level tended to be lower around the time of ovulation than at other times of the cycle. Significant (p<0.05) differences were observed between days 8, 12,18 and day 20 (Fig. 3) .
Discussion
A partial coding sequence of porcine trophinin gene obtained in the present study showed that most parts of the peptide product consist of tandem decapeptide repeats, as is the case with human [7] and mouse [21] trophinins. These findings indicate that the mRNA reported here is a partial sequence of porcine trophinin, and that the mRNA is actually expressed in the porcine endometrium. The immunohistochemical and semi-quantitative PCR results indicate that trophinin is expressed in the porcine uterus throughout the estrous cycle. However, positive immunostaining was not found in the endometrial stromal cells or the myometrium on any day of the cycle. This finding suggests that trophinin is not expressed ubiquitously. It has been well demonstrated that corpora lutea are active and progesterone levels in the plasma increase on days 8-12 of the estrous cycle in the pig [8, 17] . The latter two studies also showed that developing follicles mature, and estrogen levels increase on days 19-20 of the cycle. The present semi-quantitative PCR results show that there were significant differences between days 8, 12, 18, but not 15, and day 20. A previous study with mice showed that estrogen is important for inducing mouse trophinin mRNA expression [21] . Therefore, it appears that the induction of trophinin mRNA expression would be different between pigs and mice. On the other hand, trophinin is strongly expressed in the endometrial epithelium during the implantation window and the early secretory phase in humans [7] . Recently, Wang et al. (2002) demonstrated that trophinin immunoexpression was detected in the mid-luteal phase in women [27] . Taken together, regulation of trophinin gene expression in pigs might be similar to that in primates, although trophinin mRNA and protein in the endometrium were detected even in the follicular phase in the pig.
We are unable to explain why expression of the trophinin gene continued throughout the estrous cycle of the pig. In the human menstrual cycle, there is a progestational proliferation phase during which decidua are formed [5] . In the mouse uterus, progesterone suppresses cell proliferation during the estrous cycle while estrogen stimulates it [11] . Although morphological changes are observed in the endometrium of the pig during the estrous cycle [10] , these changes are minor when compared with the changes in humans and mice. The difference between the pattern of trophinin expression in pigs and the patterns of expression in humans and mice could be due to differences in morphological changes in the endometrium during the estrous cycle among species.
In conclusion, this is the first report of a partial coding sequence of porcine trophinin and trophinin expression in the luminal and glandular epithelial cells of the uterus in the pig throughout the estrous cycle. Trophinin gene expression tended to be higher in luteal phase in pigs, as in humans, but not in mice. Therefore, we suggest that the pig, rather than the mouse, would be a suitable model for studying the physiological role(s) of trophinin in the establishment of pregnancy in human.
